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A novel transformation of silsesquioxane cages in the coordi-
nation sphere of a lanthanide ion is reported. Reaction of in
situ prepared (c-CgH;1)7Si;09(OLi)3 with anhydrous ErCl; in
thf solution afforded the large heterometallic (Er/Li) metalla-
silsesquioxane cluster (c-CgH;1)21Siz1036(SiMes)Er,(thf),-
Li4,Cl, (2) in good yield (65 %). The molecular structure of 2

comprises several unusual features, including the coupling
of two silsesquioxane cages through an —-O3Si(c-CgH;y4)— unit
as well as trimethylsilylation of an Si-OH functionality. Due
to the presence of 21 cyclohexyl substituents in the periphery
of the molecule, the large cluster compound is soluble even
in pentane.

Introduction

Polyhedral oligosilsesquioxanes of the general formula
(RSi0; 5),, form an unusual and interesting class of organo-
silicon compounds, which currently have a strong impact
on both catalysis research!!?l and materials science.l*! In ac-
cordance with several unique properties, the polyhedral sil-
sesquioxanes have been termed the “smallest particles of
silica possible”™ or “small soluble chunks of silica”.[?! With
respect to catalysis research the chemistry of metallasilses-
quioxanes also receives considerable current interest.!!-2>-0]
Incompletely condensed silsesquioxanes such as (¢-CgH; )7~
Si;09(OH); (1) share far-reaching structural similarities
with B-tridymite and B-cristobalite and are thus quite realis-
tic models for the silanol sites on silica surfaces.[!->6-11]
Metal complexes derived from 1 are therefore commonly
regarded as “realistic” models for industrially important
metal catalysts immobilized on silica surfaces.[!->7]

The “Periodic Table of Metallasilsesquioxanes”!'®! al-
ready covers numerous metallic elements ranging from al-
kali metalst!-'%131 through earlyl"-!4'8] and late transition
metals!1°221 to the lanthanide elements.">3271 Infor-
mation on well-characterized lanthanide silsesquioxane de-
rivatives is still quite limited. Very recently, a tetrameric
neodymium silsesquioxane complex was prepared and
structurally characterized by single-crystal X-ray diffrac-
tion.?!] We report here the formation and structural charac-
terization of another very large lanthanide silsesquioxane
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cluster, which was obtained in an unexpected manner by
treatment of anhydrous erbium(III) trichloride with in situ
prepared (C-C6H1 ])7Sl709(OLl)g

Results and Discussion

In a previous contribution™? we have shown that the
fully lithiated silsesquioxane derivative (c-CgHy;)7Si700-
(OLi)5 is an excellent precursor for the synthesis of novel
heterodimetallic metallasilsesquioxanes. For example, the
ytterbium bis(trimethylsilylamide) derivative [{(c-CsH;)7-
Si;04,},Li4]YbN(SiMes), was prepared in 51% isolated
yield by treatment of in situ prepared (c-CgHi);Si;00-
(OLi); with anhydrous YbCl;.['3 Surprisingly, when carried
out under very similar conditions, the analogous reaction
of (c-C¢H11)7S1;04(OLi)3 with anhydrous erbium trichloride
took an entirely different course. (c-CgHj1);S1;09(OLi)3
was first generated by metalation of (¢-CgH;;)7Si,09(OH);
(1) with 3 equiv. of LiN(SiMes),, followed by reaction with
anhydrous ErCl; in thf (Scheme 1).*1 Insoluble by-prod-
ucts were separated by extraction with n-pentane. Crystalli-
zation of the crude product from the same solvent afforded
pale pink crystals in 65% isolated yield (determined after
the crystal structure had been elucidated by X-ray diffrac-
tion). Meaningful 'H and '*C NMR spectroscopic data
could not be obtained due to the paramagnetism of the
Er3* ion. The presence of eight resonances in the 2°Si NMR
spectrum indicated a rather unsymmetrical molecular struc-
ture.

In the IR spectrum of 2, a very strong and broad band
at 1112cm! is attributable to the v(Si-O) vibrations,
whereas a band at 1253 cm™! provided some indication for
the presence of an —OSiMe; functionality in the product.
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Scheme 1. Synthesis of (C'C(,Hl1)21Si21036(SiMe3)Er2(thf)2Li4C12 (2)

Fortunately, pink single-crystals of 2 suitable for X-ray dif-
fraction could be grown by slow cooling of a saturated solu-
tion in n-pentane to —20 °C. The X-ray analysisP® con-
firmed the presence of a very unsymmetrical heterodimetal-
lic molecule as suggested by the 2°Si NMR spectroscopic
data. The molecular structure of 2 (Figure 1) comprises a
large array of three silsesquioxane cages attached to two
Er3* and four Li* ions. Due to the presence of 21 cyclo-
hexyl substituents in the periphery of the molecule, the
large cluster compound is soluble even in pentane. For-
mally, the compound can be regarded as an “ate” complex
formed by retention of 2 equiv. of LiCl in the product. Sev-
eral unexpected structural features make this large cluster
molecule quite unique. Most remarkable is the coupling of

two silsesquioxane cages in the coordination sphere of the
erbium atom. This results from opening of one Si—O-Si cor-
ner of the central silsesquioxane ligand and linking of two
silsesquioxane cages through an —O3Si(c-CgH;;)— unit. This
results in the formation of a novel hexaanionic (¢-CgH )4~
Si;40,4% bis(silsesquioxane) ligand attached to two Er’*
and four Li* ions. The third silsesquioxane cage is formally
dianionic due to trimethylsilylation of one Si-OH function-
ality. The presence of an —OSiMes group confirms the as-
sumption gained from the IR data. The formation of this
trimethylsilylated ligand can be explained by the presence of
hexamethyldisilazane, HN(SiMes),, in the reaction mixture,
which is formed during the initial metalation of 1 with LiN-
(SiMes), (Scheme 1). Also quite remarkably, the coordina-

Figure 1. Molecular structure of (¢-CgHi1)1Sia;Os6(SiMes)Er,(thf),LisCl, (2). Selected bond lengths [A]: Erl-04 2.235(3), Erl-013
2.188(2), Er1-01 2.190(3), Er1-015 2.323(3), Er1-016 2.183(3), Er1-ClI2 2.856(1), Er2-CI2 2.770(1), Er2—-Cl1 2.679(1), Er2-027 2.079(3),
Er2-024 2.230(2), Er2-026 2.201(3). Er2-OL1 2.382(3), Li3—Cl1 2.272(7),Li3—CI2 2.780(8), Li4—CI2 2.670(7), Si-O 1.585(3)-1.650(3).
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tion environments of all four lithium ions in 2 are different,
with two of them being four-coordinate (LiO4 and LiO,Cl,)
and the other two five-coordinate (LiOs and LiO4Cl).

The Er-O(Si) bond lengths in 2 are in the range of
2.183(3)-2.235(3) A. These values are comparable to the
Ln-O(Si) distances normally observed in organolanthanide
siloxide complexes, for example, 2.170(2) A in Sm(OSiPh;);-
(thf);,B1 2.13(2) A in Y(OSiPhs);(thf);,32 2.222(4) A in
Ce(OSiPh;)5(thf)s,33 and 2.225(7) A in La(OSiPhs)s-
(thf);.34 The differences in the above distances are close to
those in their ionic radii.l*> There are only very few erbium
siloxide complexes for comparison to be found in the litera-
ture. The triphenylsiloxide derivatives Er(OSiPhs)s(thf)s
and [Er(OSiPh;),(n-OSiPhs)], have been successfully em-
ployed for Er doping of lead zirconium titanate (PZT) ce-
ramic thin films as well as for the production of Er,Oj
nanoparticles. However, the compounds were not structur-
ally authenticated by X-ray studies.*®! One notable example
for a structurally verified complex comprising Er-O-Si
bonds is the carborane species [Nay(thf);;][{n’:0-Me,Si-
(CoHe)(CyB1H )} {n-n’:0-(CoHe)SiMe,O} Er,.P1 With
2.051(2) A the Er—O(Si) distance in this compound is rela-
tively short, indicating the presence of metal-d,—oxygen-p,
interactions.4

Conclusions

We have shown that a seemingly straightforward reaction
of an anhydrous lanthanide trichloride with the fully lithi-
ated silsesquioxane precursor (c-CgHi1);Si;09(OL1); can
take an unexpected course resulting in the formation of un-
usual heterodimetallic cluster complexes in fairly high yield.
The facile coupling of two silsesquioxane cages in the coor-
dination sphere of erbium opens the way to the construc-
tion of novel large bis(silsesquioxane) ligands.

Supporting Information (see footnote on the first page of this arti-
cle): ORTEP drawings and X-ray structural data for 2.
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